Eleven new thiazol-containing 1H-1,2,4-triazole derivatives were designed and synthesized by utilizing 3,3-dimethylbutan-2-one as starting material. Their structures were characterized by IR, 1 H NMR, 13 C NMR, and elemental analysis. Furthermore, some compounds' structures were confirmed with MS and X-ray diffraction and the biological activities of these compounds were evaluated, including in vitro fungicidal and plant-growth regulatory activities. The primary bioassay results indicated that these compounds showed low antifungal activities while exhibited promising plant-growth regulatory activities.
Introduction
The thiazole moiety plays a vital role in many biological activities, and molecules containing thiazole ring systems are extensively found in the field of agrochemicals, 1 such as commercial agricultural fungicides trifluzamide and ethaboxam. 2 Because of its low toxicity, excellent biological activity as well as readily access of diverse derivatives, this class of N-heterocyclic derivatives are widely studied. 3 On the other hand, 1H-1,2,4-triazole-containing derivatives which possess anti-inflammatory, 4 antiviral, anticonvulsant, 5 antimicrobial, 6 antitumorial, trifluzamide ethaboxam triadimefon tebuconazole uniconazole paclobutrazol Scheme 1. Commercial thiazolyl-and 1H-1,2,4-triazolyl-containing agrochemicals.
Promoted by the above observations and in continuation of our study on the biological activities of thiazole derivatives, we designed and synthesized some new thiazole derivatives by incorporating the 1H-1,2,4-triazole unit into the title compounds, and such molecules are expected to exhibit improving biological activity. We herein report the synthesis and structure of a series of novel N- ( 
5-((1H-1,2,4-triazol-1-yl)methyl)-4-tert-butylthiazol-2-yl)-4-carboxamide
derivatives, which have been characterized by spectral data and elemental analysis.
Results and Discussion
Chemistry Synthetic route of the title compounds is outlined in Scheme 2. Compounds 2-4 were synthesized according to the literature methods.
12- 13 The key intermediate compound 5 was obtained by the condensation of compound 4 with thiourea via a typical Hantzsh reaction. 14 Synthetic conditions of compound 5 were examined including temperature, time and solvent. The best yield was reached when compound 4 reacted with thiourea in ethanol at 50 °C for 8 h. Compound 5 reacted readily with substituted benzoyl chlorides in 1,2-dichloroethane to afford the title compounds 1a-k in high purity and yields. 
Biological activity
The title compounds 1a-k were screened for their biological activities in vitro against five selected fungi including Gibberella zeae, Alternaria solani, Cercospora arachidicola, Physalospora piricola and Cladosporium cucumerinum according to procedures described previously. 15 At the concentration of 50 mg/L, the relative inhibitory ratios (%) against these fungi were listed in Table 2 . Disappointedly, compared with known commercial antifungal analog (Triadimenfon), the antifungal activities of most of this type of compounds were not encouraging, except that compound 1a showed higher activity against A. solani and 1a, 1c, 1e exhibited higher activity against G. zeae than Triadimenfon. To the best of our knowledge, a linkage between the triazole ring and the aryl group via a carbon-carbon single or double bond is essential for fungicidal activities. In addition, it has been proved that an extended carbon backbone linking the triazole cycle and the aryl group in an almost linear fashion possesses higher activity than a distorted backbone. 15 The X-ray structure of (1f) shows that, because of the bulkiness of thiazole, the triazole cycle and the aryl group are not connected in such a way, but via a bent linkage ( Figure 1) . As a result, the fungicidal activities of title compounds 1a-k were depressed. This implies that a bulky group close to the triazole cycle is not a wise choice for the generation of compounds with fungicidal activities.
Figure 1. Molecular structure and crystallographic numbering scheme for compound 1f. X-ray crystallography shows that compound 1f contains two independent molecules, whose coordination environments are completely the same. The molecular structure of 1f contains the following three-plane subunit: the substituted phenyl ring C1-C6 (p1), the thiazole ring (p2), and the triazole ring (p3). The dihedral angles between p1 and p2 and between p2 and p3 are 10.9 and 80.2, respectively. Some of their selected bond lengths and angles are listed in Table 1 . Bond lengths (Å) bond angles (°) In addition, plant-growth regulatory activity of title compounds 1a-k was screened using cucumber cotyledon rhizogenesis method according to procedures described previously. 16 At the concentration of 10 mg/L, the plant-growth regulatory activity data for compounds 1a-k is shown in Table 3 . To our delight, although these novel triadimefon analogues exhibited lower antifungal activities against selected fungi than control triadimefon, screening data displayed that most of them had potent plant-growth regulatory activity. The title compounds 1a-k obviously promoted cotyledon rhizogenesis of cucumber seed at a concentration of 10 mg/L. In comparison with control triadimefon, compounds 1i and 1j showed lower activity than the parent triadimefon, while compounds 1a, 1b, 1d, 1g and 1h displayed more highly promoting activity. These data show that efficacy is strongly influenced by the nature of the substitutes and their position on the benzene ring. The structure-activity relationships for the phenyl group were elucidated. In general, the presence of halo groups such as fluorine and chlorine atom at position 2 or 4 of phenyl ring enhanced the plant-growth regulatory activity. However, the substituted group of chlorine atom at both 2-position and 4-position of benzene ring caused a decrease of the activity. The presence of a strong electron-withdrawing group like nitro-group led to decrease in activity.
From the result, we notice that the presence of fluorine atom at position 2, 3, 4 of phenyl ring all exhibited excellent plant-growth regulatory activities, so we can draw the conclusion that the fluorine atom connected to the phenyl ring contributes most to the plant-growth regulatory activity among these compounds, such as 1b, 1d and 1g. With respect to ineffective antifungal activity and promising plant-growth regulatory activity of these novel triadimefon analogues, it could be inferred that these triazole derivatives might share different action mechanism between fungicidal activity and plant-growth regulator activity. The mode of action about this class of plant-growth regulators still remains unknown. 17 To disclose these details, further chemical and biological investigation is needed to clarify action modes of these novel thiazole-containing triadimefon analogues.
Conclusions
In search of potentially biological molecules containing thiazole and 1H-1,2,4-triazole moieties, a series of new carboxamide derivatives was synthesized and their antifungal and plant-growth regulatory activity assayed. These thiazole-substituted 1H-1,2,4-triazole carboxamide derivatives showed lower antifungal activity than parent triadimefon, while exhibiting promising plantgrowth regulatory activity.
Experimental Section
General Procedures. Melting points were measured by using a RY-1 melting point apparatus and are uncorrected. C NMR spectra were recorded on a Varian-300 spectrometer using TMS as an internal reference. Chemical shift values (δ) were given in ppm. Infrared spectra were obtained on a Bio-Rad spectrophotometer using potassium bromide pellets or as neat oils and are reported as wave numbers (cm -1 ). Mass spectra (ESI) were obtained on a LCQ
Advantage instrument from Thermo Finnigan company. Elemental analysis was determined on a Yanaco CHN Corder elemental analyzer. X-ray diffraction data were recorded at 293 K on a Bruker Smart 1000 diffractometer (graphite-monochromatized Mo Kα radiation,λ= 0.71073 Å ). The biological activity of the title compounds were assayed at the Biological Assay Centre, Nankai University. 1H-1,2,4-triazol-1-yl) 
Synthesis of 5-((

General preparation of the title compounds 1a-k
To the solution of compound 5 (2 mmol) in 1,2-dichloroethane (15 mL) was added appropriate benzoyl chloride (2.4 mmol) and pyridine (2.4 mmol). The reaction mixture was stirred and refluxed for 2-5 h (tracked with thin-layer chromatography, TLC). The solvent was evaporated under the reduced pressure, the residue was purified by flash chromatography (ethyl acetate/petroleum ether (v/v 3:2)) to afford the title compounds 1a-k in high purity. 1H-1,2,4-Triazol-1-yl)methyl)-4-tert-butylthiazol-2-yl)-2-ethylbenzamide (1c) N-(5-((1H-1,2,4-Triazol-1-yl)methyl)-4-tert-butylthiazol-2-yl)-3-fluorobenzamide (1d) N-(5-((1H-1,2,4-Triazol-1-yl)methyl)-4-tert-butylthiazol-2-yl)-4-fluorobenzamide (1g) 
N-(5-((1H-1,2,4-Triazol-1-yl)methyl)-4-tert-butylthiazol-2-yl)-2-chlorobenzamide (1a
N-(5-((
